Abstract. This report introduces a new computer program, so-called MSAP-1.0, which has been developed at the Dalat Nuclear Research Institute, for data processing and interpretation of the experimental data sheets based on the multivariate data analysis techniques. In this preliminary version of the program, the dimensions of a given data set to be analyzed are up to 50 variables and thousands of observations. The main functions in this version are principal component analysis, cluster analysis, standardization and output data plot. In comparison with other well-known statistical analysis software programs, the same results are very well reproduced with MSAP-1.0. The format of the input data file was designed in a way convenient for the management of experimental survey data or preparation from other analysis procedures at the Institute.
I. INTRODUCTION
In the modern trend of survey data, multi-dimension information is often observed in many cases of research and application. In these situations, the data reduction process or multivariate statistical analysis method should be performed in order to determine whether any distinct groups or distributions are present in the input data sheet that supports a meaningful interpretation in the research topic such as archeological, geological, environmental, etc.
Based upon a data set of elemental concentrations, for a particular specimen, questions that we hope to answer are: (i) Where did the specimen come from? (ii) From what raw materials was the specimen made? (iii) Was the specimen made at the same time and in the same place as other specimens? [1] . In our case, the archaeological brick and clay samples have been collected from a number of archaeological sites in Vietnam, and the concentrations of more than 28 elements in these specimens are determined by the reactor based neutron activation analysis (NAA) method. Accordingly, the principal component analysis (PCA) and cluster analysis (CA) methods are required to investigate the correlation of the brick and clay samples, and also to identify the similarities and differences between groups of brick specimens. The variations of an original multivariate data set are usually under indirect observation, but after being treated by PCA, the optimal visualization of variance can be presented with a high degree of explanation [2] , in which a new space of principal component scores with maximal variance is obtained within the linear combination of the initial variables and eigenvectors as the following expressions [3] . Suppose that the initial data sheet is prepared as an n × p matrix A, where n is the number of the observation vectors, and p is the number of variables of each vector.
The covariance matrix S of A, and the eigenvector matrix X are defined as:
(S − λ I)X = 0 (3) where λ is the eigen-value (column matrix), and I is the unity matrix.
We can determine the λ and X matrices from the condition of |A − λ I| = 0, and then the principal components (PCA scores) can be calculated as the following linear combinations: In addition, the cluster analysis is another multivariate analysis approach to measure the dissimilarity between specimens using Euclidean distances. The goal is to find an optimal grouping for which the specimens within each cluster are similar, but the clusters or groups are dissimilar to each other. The result of cluster analysis is generally presented in form of a dendrogram that shows the order and level of specimen clustering. Because the interpretation from a specific dendrogram is highly subjective, it is normally only used to identify possible groups, and after that other techniques are employed for group refinement and classification [1, 4] . The Euclidean distance between two vectors x = (x 1 , x 2 , . . . , x p ) and y = (y 1 , y 2 , . . . , y p ) is defined as:
where S is the covariance matrix of A and d(x, y) is Euclidean distance between vectors x and y.
In this work, we developed a new computer program, so-called MSAP-1.0 to perform the above-mentioned calculations within the multivariate data analysis techniques. In this preliminary version of the program, the dimensions of a given data set to be analyzed are up to 50 variables and thousands of observations. The main functions in this version are principal component analysis, cluster analysis, standardization and output data plot. In comparison with the SPSS program, a well-known statistical analysis software, the same results are very well reproduced with MSAP-1.0. The format of the input data file was designed in a way that is convenient for the management of experimental survey data or preparation from other analysis procedures at the Dalat Nuclear Research Institute.
II. DEVELOPMENT OF THE COMPUTER PROGRAM MSAP-0.1
Based on the multivariate statistical analysis method, a new C++ computer program, socalled MSAP-1.0 (Multi-variable Statistical Analysis Program), has been developed for principal component analysis, cluster analysis, standardization, and output data plot. The program was tested and applied in the processing and interpretation of multi-dimensional measured data from NAA studies of archaeological samples collected from archaeological sites in Vietnam. The format structure of an input file and the window interface are presented in Fig. 1 and Fig. 2 . 
II.1. Test of the program
The MSAP-1.0 program has been tested for validation by making comparisons under the same input data with the well-known SPSS-16.0 program [5] . The testing input data was selected from the elemental concentrations of five elements (As, La, Lu, Nd and Sm) for 61 geological samples, as seen in Table 1 . The input file for MSAP-1.0 is shown in Fig. 2 . The output results of eigenvalues, eigenvectors and principal components (PCA scores) obtained in the testing process in comparison with the SPSS-16.0 program are presented in Tables 2-3 and Figures 3-4 . From the output values of the testing result above, both the programs SPSS-16.0 and MSAP-1.0, produce the similar output results of eigenvalues, eigenvectors and PCA scores. In some cases, the signs of eigenvectors from the two programs are different, but they are also identical because of random sign property of the eigenvector matrix. Based upon the comparison results, we can state that the MSAP-1.0 program can be used to conduct the principal component analysis, cluster analysis, standardization and output data plot for interpretations with multivariate data source.
II.2. Application of the program
The MSAP- The results of calculations within PCA method are given in Fig. 5 . From this figure, we can recognize the difference between the Group1 and Group2 which were from different provenances. In the projection view on the plane of PC1 versus PC3, Fig. 6 , the difference between the clay group (group 2) and the brick group (group 1) is presented. The distinction can be explained by the fact that the concentrations of some elements were changed during burning process for brick. These elements could be Al, Mn, K, Ga, Fe, Co and Hf (PC3). The PC1 is contributed by the 8 main elements as follows: Al, Ti, V, Rb, Sc, Cr, Cs and Th; as the same way PC2 (7 elements): Dy, Na, La, Sm, Nd, Ce and Eu; PC3 (7 elements): Al, Mn, K, Ga, Fe, Co and Hf; and PC4 (4 elements): K, Lu, Tb and Yb. The values of loading factors larger than 0.25 are chosen (the bold values in Table 4 ). 
